Background {#S0001}
==========

Primary open angle glaucoma (POAG) is one of the leading causes of irreversible blindness.[@CIT0001] The pathogenesis of POAG is not yet fully understood, but elevated intraocular pressure (IOP) is considered the only modifiable risk factor. The mainstay of glaucoma treatment is IOP reduction, which can be achieved with topical or oral drugs, laser treatments and surgery. First-line treatment typically involves hypotensive drops, which are effective, but cause local side effects such as ocular surface irritation or allergy.[@CIT0002],[@CIT0003] Laser treatments have been proven to significantly reduce IOP, but the effect may be short-lived or in some cases altogether ineffective.[@CIT0004],[@CIT0005] Traditional surgeries such as trabeculectomy have a long track-record of IOP reduction, yet carry significant long-term risks of hypotony and infection.[@CIT0006],[@CIT0007] Recently, minimally invasive glaucoma surgeries (MIGS) have made their way into our treatment armamentarium. The aim of MIGS is to decrease IOP while reducing significant risks of intra and postoperative complications as well as rapid recovery. There are three main MIGS subtypes: 1) trabecular[@CIT0008] 2) suprachoroidal[@CIT0009] 3) subconjunctival.[@CIT0010] Trabecular bypass MIGS generally provide an excellent safety profile with modest IOP lowering more often combined with cataract surgery.[@CIT0011] There are currently no available suprachoroidal shunts on the market although there are ongoing trials (MINIject and iStent Supra). The subconjunctival route has become increasingly popular due to encouraging early results. The XEN Gel Stent has been widely available since its approval by the FDA in 2016 with a growing number of publications. The aim of this article is to review the available literature on this device. The review addresses the implantation procedures, the ex-vivo studies, the pre-marketing studies involving devices with different lumens. Studies with the currently available 45-micron inner diameter will be discussed and they will be divided into: solo and combined with cataract surgery studies, addressing glaucoma subtypes and compared to trabeculectomy. Needling and complications will be addressed separately. A subsection will be addressing small series and case reports. Different criteria have been used to define success and they will be summarized in [Table 1](#T0001){ref-type="table"} to ease the reading of the paper. At the end of each section a short summary of the main findings will also be provided.Table 1Definitions of SuccessDefinition of Complete Success (CS)Definition of Qualified Success (QS)Definition of Failure (F)A\>5 and \<18 mm Hg and reduction \>20% without medications\>5 and \<18 mm Hg and reduction \>20% with medicationsLoss of light perception acuity or worse, need for additional glaucoma surgery, IOP \<5 mm Hg, less than 20% IOP reductionA1\>5 and \<18 mm Hg\>5 and \<18 mm Hg with medicationsA2\>5 and \<18 mm Hg and reduction \>20% without medications or needling\>5 and \<18 mm Hg and reduction \>20% with medications but without needlingLoss of light perception acuity or worse, need for additional glaucoma surgery, IOP \<5 mm Hg, less than 20% IOP reductionA3Reduction \>20% without medications5--18 mm Hg and reduction \>20% with medicationsLoss of light perception acuity or worse, need for additional glaucoma surgery, IOP \<5 mm Hg, less than 20% IOP reductionB\>5 and \<15 mm Hg and ≥ 30% reduction from baseline without medications\>5 and \<15 mm Hg and ≥ 30% reduction from baseline with medicationsNeed for additional glaucoma surgery, IOP \<5mmHgCPercentage of patients achieving \>^\_^20% mean diurnal IOP reduction from baseline on the same number or fewer medicationsNOIOP reduction \<20% on the same number of medications or fewer, additional glaucoma surgeryDIOP\<18 or 16 mmHg without any glaucoma medicationsIOP\<18 or 16 mm Hg with glaucoma medicationsLoss of light perception acuity or worse, need for additional glaucoma surgery, less than 20% IOP reductionD1IOP\<18 mm Hg without any glaucoma medicationsIOP\<18 mm Hg with a maximum of 2 glaucoma medicationsNecessity of three or more medications or additional glaucoma surgery

Device and Procedure {#S0002}
====================

The XEN^®^ Gel Stent (Allergan INC, Dublin, Ireland) is a flexible and permanent ab interno collagen implant draining aqueous fluid from the anterior chamber to the subconjunctival space through a scleral channel. Originally three designs were created: Xen 140, Xen 63 and Xen 45. They are all 6.0 mm long but differ in the inner diameter of their lumen (140 μm, 63 μm and 45 μm, respectively). The commercially available version of the implant is currently the Xen 45. According to the Hagen--Poiseuille equation, the stent is designed to create resistance to outflow of around 6 to 8 mmHg under conditions of physiologically normal aqueous production (2 to 2.5 mL/min) without the need for a valve.[@CIT0012] The stent is a hydrophilic tube composed of a porcine gel cross-linked with glutaraldehyde. Animal studies have shown the material's stability and biocompatibility with minimal tissue reaction.[@CIT0013], A, B The XEN^®^ Gel Stent is firm when dry, but it becomes soft and flexible when hydrated, conforming to the surrounding tissues. The device passes through the scleral channel with a typical "S" curve and creates a natural bend of approximately 35 degrees under the conjunctiva and Tenon. Its high flexibility reduces the upward force onto the conjunctiva during implantation which reduces the risk of erosion. The inserter has a 27G needle preloaded with the implant and sterilized via gamma irradiation. The injector is designed to place the gelatin stent in the intended position, and deployment is achieved by a linear movement of the slider at the center of the injector body.

The XEN^®^ Gel Stent is indicated for the treatment of primary open angle glaucoma (POAG) where previous medical treatment failed and for patients with pseudoexfoliative glaucoma (PXG) or pigmentary glaucoma (PDG) that cannot be controlled with maximum tolerated medical therapy. It can be used also for juvenile (JVG)[@CIT0014]--[@CIT0016] and uveitic glaucoma (UVG).[@CIT0017],[@CIT0018] The device is CE marked in the European Union and it has been approved by the US Food and Drug Administration. It is also licensed for use in Canada, Switzerland and Turkey.

The XEN^®^ Gel Stent is usually implanted through an ab interno approach without conjunctival dissection either as a standalone procedure (Xen solo) or in combination with cataract surgery (Xen combo). Some surgeons have preferred an ab externo delivery of the device with or without conjunctival dissection. The surgery can be performed under peribulbar or topical anesthesia.

The ab interno steps are the following. The superior nasal conjunctiva is marked 2.5 mm from the limbus. Intraoperative mitomycin C (MMC) is injected subconjunctivally in order to reduce postoperative scar tissue formation. Clear corneal incisions (main and side-port) are created and the anterior chamber is filled with a cohesive viscoelastic. The needle is inserted through the main corneal incision and directed across the anterior chamber (AC) towards the superonasal quadrant. A goniolens can be used to assess positioning in the angle, ideally entering just above trabecular meshwork to avoid bleeding and to stay clear of iris and endothelium. The needle is advanced through the sclera into the subconjunctival space, while the eye is stabilized using a second instrument in the side-port incision. Once the bevel is clearly visualized exiting sclera into the subconjunctival space, the gelatin stent is released and the injector removed from the eye. Approximately, 1 mm of the implant remains in the AC, 3 mm pass through the scleral and 2 mm emerge under the conjunctiva. The viscoelastic is then washed out of the anterior chamber creating an early bleb and confirming patency of the device.

The ab-externo placement can be performed with or without conjunctival dissection. In the first case, the conjunctiva is displaced anteriorly, and the needle pierces the sclera at 2.5 mm from the limbus, entering the AC where the stent is then released. MMC is injected subconjunctivally before or after implantation. If conjunctiva is opened, the stent is deployed 2.5 mm from the limbus and MMC soaked sponges or injections are used. The conjunctiva and Tenon's layer are then closed. Ab-externo placement avoids viscoelastic injection and allows for more precise positioning of the device.

Ex vivo Studies {#S0003}
===============

Lewis[@CIT0010] reviewed critical choices in the design of Xen Gel Stent. Lumen size, length, flexibility, stability and biocompatibility of the device were discussed as crucial characteristics in order to optimize subconjunctival drainage. The material also plays a key role in the biocompatibility of the device. The Xen is formed of porcine gelatin cross-linked with glutaraldehyde exhibiting excellent hydrolytic stability and biocompatibility without any foreign-body reactions in dogs at 12 months and in nonhuman primates at 6 years.[@CIT0013], A, B Histology studies showed that reduced drainage occurred due to fibrosis surrounding the device rather than lumen obstruction. As for flexibility, it was measured assuming the natural bend of 10 and 35 degrees that the device takes while passing through the sclera. Measurements were performed using a microforce gauge with sensitivity in the micrometer range. At the bending angle of 10 degrees, the flexibility was 50--60 μN for Xen 140, 25 μN for Xen 63 and 15 μN for Xen 45, comparing to the 2000 μN of silicone tube shunts. At the bending angle of 35 degrees, it was 280 μN for Xen 140, 100 μN for Xen 63, 70 μN for Xen 45. This was unmeasurable in tube shunts as it was too high. Compared to Xen 140, Xen 45 was 4 times more flexible and Xen 63 was 2 to 3 times more flexible with minimal force to the overlying conjunctiva (2.2 N at a 3.0 mm exit point). This property should theoretically minimize conjunctival erosion. Another feature is the outflow resistance of the stent. According to the Hagen-Poiseuille equation, its inner diameter and length create a passive resistance to fluid. Considering a maximum flow rate with normal aqueous production (approximately 2 μL/min or 3 mL/day), an inner diameter of 45 μm and a length of 6 mm, the Xen 45 gives a flow of 0.02 μL/sec or 1.2 μL/min with a resultant IOP of 6--8 mmHg.

Sheybani et al[@CIT0012] compared fluid dynamics of Xen with an Ex-Press shunt (Alcon, Fort Worth, TX) and a 10 mm silicone tube derived from a Baerveldt implant (Johnson & Johnson Vision, Santa Ana, CA). Using a syringe pump and a pressure transducer at multiple flow rates, they obtained results comparable to the ones previously described by Lewis. In order to prevent hypotony, the difference of pressure between the two ends of a tube (steady-state pressure), should be approximately 5 mmHg with an aqueous humor production rate of 2--3 μL/min. The flow rate through Xen 45 at 5 mmHg was of 1.2 μL/min, which is less than aqueous production. Considering the Hagen-Poiseuille equation and the principles of Newtonian fluidics, at a flow rate of 2.5 μL/min the Xen 45 achieved a steady-state pressure at 7.56 mmHg, while the Ex-Press shunt and Baerveldt tube reached steady-state pressures at 0.09 and 0.01 mmHg, respectively.

Xen 63 and Xen 140 Clinical Studies {#S0004}
===================================

Sheybani et al[@CIT0019] first performed a pilot study on phacoemulsification combined with Xen 63 or Xen 140 to treat open-angle glaucoma (27 eyes, 79.4%), PXG (9 eyes, 26.4%) and PDG (1 eye, 2.9%). Three eyes (8.8%) previously underwent cyclophotocoagulation and 11 eyes (32.3%) had previous ALT or SLT. In a nonrandomized prospective interventional case series, 34 out of 37 eyes (3 patients were lost to follow-up) were followed 1 year after surgery. Mitomycin C was not used during the surgical procedure and postoperative medications (and needling) were added as needed. The definition of success/failure was A. IOP decreased from 22.4±4.2 mmHg at baseline to 15.4±3.0 mmHg at 12 months (−31.3%) (p\<0.0001). Complete success was obtained in 47.1% of cases and qualified in 85.3%. Glaucoma medications (meds) were reduced from 2.5±1.4 to 0.9±1.0. There was no difference in outcomes and complications between Xen 140 and Xen 63. Early hypotony was common (13 patients had IOP\<5mmHg in the first day; 4 at 1 week) but self-limited (no patient at one month). Needling rates were 32% at 1-year.

In a subsequent prospective, multicentric, nonrandomized, cohort study, Sheybani et al reviewed the 1-year results after solo Xen 140 implantation in 49 eyes (17 pseudophakic).[@CIT0014] Glaucoma types varied with 38 POAG (77.5%), 6 PXG (12.2%), 2 PDG (4%) and 3 JOAG (6.1%). One patient was lost to follow-up and 3 failed. Mean IOP decreased from 23.1±4.1mmHg with 3.0±1.1 meds at baseline to 14.7±3.7mmHg (36.4% percent IOP reduction) with 1.3 meds at 12 months. Eighteen patients (40%) achieved complete success and 40 (89%) qualified success (definition A). Needling was required in 47% of the eyes, with a reduction of mean IOP from 24.6±7.2 mmHg before needling to 13.2±4.8 mmHg after needling (p\<0.001). As in the previous study, high needling rates may be due to no MMC at the time of surgery. Comparing eyes with previous glaucoma surgery (22 eyes; 21 trabeculectomy and 2 tube shunt) and eyes without (37), no significant difference in final IOP or medication use, although needling rate were higher in patients with previous surgery (54.6 vs 33%). Three eyes required further glaucoma surgery.

Lenzhofer et al[@CIT0020] published a prospective multicenter study reporting the results of Xen 63 implantation with 4-year follow-up. Sixty-four eyes with POAG (34, 52%), PXG (26, 41%) and PDG (7, 7%) with uncontrolled IOP or intolerance to drops were enrolled: 35 with Xen 63 solo and 29 with Xen 63 combo. At 4-years 34 eyes (53%) were analyzed: 11 eyes (17%) were lost to follow-up and 19 (29.7%) were classified as complete surgical failure. MMC was not used. IOP decreased at 4 years from 22.5±4.2mmHg with 2.4±1.3 meds to 13.4±3.1mmHg with 1.2±1.3 meds (40% IOP decrease p\< 0.001). There was no difference in mean IOP and mean medications at 4 years between solo and combo groups (IOP 13.2±2.7 vs 13.7±3.7mmHg (p=0.65); medication 1.1±1.3 vs 1.4±1.4 (p= 0.40), respectively). Twelve out of 53 (25%) patients achieved complete surgical success and 28 eyes (53%) qualified success after 4 years (definition A). Needling was required in 53.1% of cases, with an average of 1.3 needling after a mean of 3.9 years. Further glaucoma surgeries were required in 19/53 eyes (36%) with a mean surgical failure per year of 10%. Visual acuity and visual fields remained stable at 4 years postoperatively. Low complication rates were reported: 3/36 patients presented early clinically hypotony, which resolved by year 4, 1/36 patients had an exposure requiring additional glaucoma surgery and 2/36 patients had lumen obstruction resolved with Nd:YAG laser..

Summary of the ex vivo and Pre-Marketing Studies {#S0004-S2001}
------------------------------------------------

The XEN presents excellent biocompatibility and the ex vivo studies, later confirmed by clinical studies, proved that the fluidics provided by this implant allow for a significant decrease of IOP with minimal risk of hypotony.

Xen 45 Clinical Studies {#S0005}
=======================

Efficacy {#S0006}
========

Xen 45 Solo {#S0006-S2001}
-----------

Tan et al[@CIT0021] presented a retrospective consecutive nonrandomized interventional case series, of 39 eyes some of which with previous surgery (30.8% cataract surgery, 7.7% trabeculectomy, 5.13% iStent \[iStent trabecular micro-bypass; Glaukos Corporation, Laguna Hill, CA, USA\]) ([Table 2](#T0002){ref-type="table"}). In all eyes, a single surgeon implanted Xen 45 using MMC (0.2 mg/mL). The majority of patients had POAG (30, 71.7%), followed by PXG (5, 5.1%), uveitic glaucoma (4, 10.3%), PDG (1, 2.5%), NVG (1, 2.5%) and steroid induced (1, 2.5%). The pre-operative IOP was 24.9±7.8mmHg and decreased to 14.5±3.4mmHg at 12month (p\<0.005); meds decreased from 3 pre-surgery to 0.7 at 12 month (p\<0.005). The percentage of complete success was 87% (definition A) and 62% (definition B) while qualified success was 92% and 64% respectively ([Table 1](#T0001){ref-type="table"}).Table 2Efficacy Results of Xen StudiesPublicationStudy DesignN Eyes at BaselineN Eyes at Follow-up (Months)Glaucoma TypeFollow-Up MonthsBaseline IOPIOP at Follow-Up (Months)Delta IOP (Δ)\
% ReductionBaseline MedsMeds at Follow-Up (Months)Delta Meds\
% ReductionSuccess/Failure Criteria% Successful at (Months)Reoperation RatePérez-Torregrosa et al 2016[@CIT0023]Prospective non-controlled and nonrandomized study30 Xen45+Phaco28 (12)30 PACG1221.2±3 mmHg15.03±2.47 mmHg\
(12)Δ=6.17 mmHg 29.34%\
(*p* \< 0.001)3.07±0.690.17 ± 0.65\
(12)Δ=2.9\
94.57%\
(*p* \< 0.001)1) IOP red ≤18 mmHg w/o meds1) 90% (12)0%Heidinger et al 2016[@CIT0027]Retrospective study61 Xen45 or 138 Xen45 + Phaco199 (12)113 POAG\
72 PEXG\
11 OTHER1222.8 ± 6.9 mmHg17.1 ± 5.9 mmHg (12)Δ=5.7 mmHg 22.7%\
(P \< 0.0001)2.9 ± 1.01.8 ± 1.4 (12)Δ=1.1\
37.93% (p\<0.001)1) IOP reduction ≥ 20%\
2) IOP \<18 mm Hg with med at 12 mo,\
1) IOP red ≤ 20% from baseline\
2) IOP ≥ 18 mm Hg and need of additional glaucoma surgeryComplete success 15.4% (12) Qualified success 25% (12)22.1%Hengerer et al 2017[@CIT0025]Retropspective analysis242 Xen45 or Xen45+Phaco148 (12)117 POAG\
21 PACG\
14 NVG\
10 UVG1232.19 ±9.1 mmHg14.24 ±4.0 mmHg (12)Δ=17.95 mmHg 54.1%\
(P = 0.000; Wilcoxon test)3.13 ± 1.00.3 ± 0.7 (12)Δ=2.83\
95.6%\
(P = 0.000; Wilcoxon test)1) IOP red ≥20% and IOP \<18 mm Hg w/o med and secondary intervention including needling\
2) IOP red ≥20% and IOP \<18 mm Hg w or w/o med and secondary intervention including needling1) 55.4% (12)\
2) 73.0%\
(12)27.7%Galal et al 2017[@CIT0029]Prospective interventional study13 Xen45 alone or Xen45+Phaco13 (12)13 POAG1216±4 mmHg12±3 mmHg (12)Δ=4 mmHg 25% (p=0.01 Wilcoxon signed-rank test)1.9 ± 10.3 ± 0.49 (12)Δ=1.6\
84.21%\
(p = 0.003)1) IOP reduction ≥20% w/o meds\
2) IOP reduction of ≥20% w meds1) 42% (12)\
2) 67% (12)15.4%Ozal et al 2017[@CIT0026]Retrospective consecutive case series study15 Xen45 alone or Xen45+Phaco15 (12)10 POAG\
4 PEXG\
1 PG1236.07 mmHg16.73 mmHg (12)Δ=19.3mmHg 53.62%\
(p\<0.001)3.60 ± 0.500.33±0.90 (12)Δ=3.27\
90.83% (p\<0.001)1) Medicated 1yr1)13.3% (12)0%Grover et al 2017[@CIT0022]Prospective, single arm, open-label, multicenter study65 Xen4565 (12)57 POAG\
6 PEXG\
1 PG\
1 OTHER1225.1±3.7 mmHg15±5.2 mmHg (12)Δ=10.1 mmHg \>27%\
(p = 0.05)3.5 ± 1.01.7 ±1.5 (12)Δ=1.8\
51.43% (p=0.05)1) ≥ −20% IOP reduction 2) mean IOP change from baseline76.3% (12)8%Tan et al 2018[@CIT0021]Retrospective, consecutive, nonrandomized interventional case series39 Xn45 alone39(12)30 POAG\
5 PEXG\
1 PG\
4 UVG\
1 NVG\
1 STEROID INDUCED1224.9 ± 7.8 mmHg14.5 ± 3.4 mmHg (12)Δ=10.4 mmHg 41.8%\
(p\<0.005)30.7 (12)Δ=2.3\
76.67% (p\<0.005)1) IOP ≤ 21 mm Hg and ≥ 20% red (Complete: w/o med; Qualified: w med)\
2) IOP ≤ 15 mm Hg and ≥ 30% red (Complete: w/o med; Qualified: w med)1) 87%; 92% (12)\
2) 62%; 64% (12)51.3%\
(all bleb interventions)Widder\
et al 2018[@CIT0016]Retrospective singlecenter study233 Xen45 alone or Xen45+Phaco233 (8.5)180 POAG\
2 PG\
44 PEXG\
1 JOAG\
6 OTHER8.5\
(1--23)24.3±6.6 mmHg16.8±7.7 mmHg (8.5)Δ=7.5 mmHg 30.86%\
(p \< 0.001)2.6±1.10.2±0.7 (8.5)Δ=2.4\
92.31%\
(p \<0.001)1) "Appropriate IOP" with no meds, no revision\
2) "Appropriate IOP" with no meds, 1 revision\
3) "Appropriate IOP" with \>1 revision1) 66% (8.5)\
2) 90% (8.5)\
3) 10% (8.5)0.9%Mansouri et al 2018[@CIT0030]Prospective interventional study40 Xen 45 alone87 (12)15 POAG\
10 PEXG\
4 OTHER1220.0±7.1 mmHg13.9±4.3 mmHg (12)Δ=6.1 mmHg 30.5%\
(p \< 0.01)1.9±1.30.5 ± 0.8 (12)Δ=1.4\
73.68%\
(p \< 0.001)1) ≥20% decrease in IOP\
2)unmed IOP \<18 or \<16 mm Hg\
3) med IOP \<18 or \<16 mm Hg1)81% (12)\
2) \<18: 57.5%/\<16: 57.5% (12)\
3)\<18: 80%/\<16: 77.5% (12)10%109 Xen45+Phaco61 POAG\
42 PEXG\
10 OTHER1)56.1% (12)\
2) \<18: 64.2%/\<16:57.8% (12)\
3)\<18: 77.1%, \<16: 68.8% (12)Hohberger et al 2018[@CIT0031]Monocentric prospective interventional study81 Xen45 alone81(6)72 POAG\
31 PEXG\
8 OTHER6----------1) IOP \< 18 mmHg at any time point within 6mo of fup w/o med local or further sx\
2) IOP \<18 mmHg w 1--2 med\
3) ≥3med or further sx1) 46.9% (6)\
2) 2.5% (6)\
3) 49.4% (6)--30 Xen45+Phaco30 (6)53.3% (6)3.3% (6)46.7% (6)De Gregorio et al 2018[@CIT0024]Nonrandomized prospective41 Xen45 + Phaco40 (12)35 POAG\
6 PEXG1222.5 ±3.7 mmHg13.1 ±2.4 mmHg (12)Δ=9.4 mmHg 41.82%\
(p \<0.05)2.5±0.90.4±0.8 (12)Δ=2.1\
84%\
(p \<0.05)1) unmed IOP 6--17 mmHg\
2) med IOP 6--17 mmHg1) 80.4% (12)\
2) 97.5% (12)10%Karimi et al 2019[@CIT0028]Retrospective review187 Xen45 or 72 Xen45+ Phaco259 (12)208 POAG\
17 NTG\
13 PEXG\
6 PG\
6 TRAUMA\
5 NVG\
1 IATROGENIC\
3 OTHER1219.3±0.7 mmHg14.2 ±0.9 mmHg (12)Δ=5.1 mmHg 26.42%\
(p \< 0.0001)2.6 ±0.10.8 ±0.2 (12)Δ=1.8\
69.23% (p\<0.0001)1) IOP red\
2) med red40.9% (needling)Reitsamer et al 2019[@CIT0032]Prospective multicenter nonrandomized trial120 Xen45 or 98 Xen45 + Phaco202 (24)POAG2421.4±3.6 mmHg15.2±4.2 mmHg (24)Δ=6.2 mmHg 27.8%\
(p \< 0.001)2.7±0.91.1±1.2 (24)Δ=1.6\
59.26%\
(p \< 0.001)1) IOP reduction ≥ 20% w/o secondary surgical intervention\
2) IOP red ≥30%\
3) IOP values≤18, ≤15, ≤12 mmHg1) 65.8% (24) 2) 48.4% (24)\
3) 85.1%, 62.7%, 24.2% (24)41.1% (needling)Fea et al 2020[@CIT0033]Prospective multicenter115 Xen45 or 56 Xen45+ Phaco149 (12)134 POAG\
27 PEXG\
2 JOAG\
7 NTG\
3 UVG\
1 OHT\
2 MIXED1223.9±7 mmHg15.5±3.9 mmHg (12)Δ=8.4 mmHg 35.15% (p \<.001)3.0±1.10.5±1.0 (12)Δ=2.5\
83.7%\
(p \< 0.001)1) IOP ≤18 mmHg w and w/o med\
2) IOP ≤16 mmHg w and w/o med\
3) IOP ≤14 mmHg w and w/o med1) 81% w 61.3 w/o (12)\
2) 70.8w 54 w/o (12)\
3) 43.1% w 35% w/o (12)1 vitrectomy (0.8%)\
147 needling (46.2%)\
8 trab (4.6%)\
1 ahmed valve(0.8%)1baerveldt(0.8%)1 bleb revision (0.8%)[^1]

Grover et al[@CIT0022] in their prospective, single-arm, open-label, multicenter study, reviewed solo Xen 45 implantation in 52 out of 65 eyes with refractory glaucoma at 12 months. Seven (10.7%) required explantation, 2 (3%) were lost to follow-up, 2 (3%) died and 2 (3%) were not included in the analysis. Refractory glaucoma was defined as a previously failed filtering surgery or cycloablative procedures (84.6%) and/or uncontrolled IOP on maximally tolerated medical therapy. Glaucoma types were POAG in 57 eyes (57.6%), 6 PXG (9.2%), 1 PDG (1.5%) and 1 combined mechanism glaucoma (CMG) (1.5%). At 12 months, 75.4% were successful (Criterion C) with a mean diurnal IOP reduction of 6.2 mmHg and meds decreased from 3.5±1 (baseline) to 1.7±1.5 (12 months) with no change when stratifying by age (\<60, 60 to \<70, 70 to \<80, and ≥80 years), baseline IOP (20 to 25, \>25 to 30, and \>30 mmHg), baseline medication count (1, 2, 3, 4, and 5), sex, or ethnicity (Asian, African American, Hispanic, and Caucasian). In a subgroup analysis, excluding 4 patients with missing data and 9 patients who required further surgical intervention, mean diurnal IOP was 15.9±5.2 and mean IOP change from baseline was \>27% at all postoperative visits, reaching −9.1mmHg at 12 months. IOP decrease of at least 20% was achieved in 88.5% of the eyes in this subgroup and 20 patients (38.5%) did not require meds. Compared with baseline, 36 (69.2%) patients required fewer topical medications, 16 (30.8%) required the same number, and none required more. Complete success was achieved in 75% of cases at 1 year (definition C).

Xen 45 Combo {#S0006-S2002}
------------

Pérez-Torregrosa et al[@CIT0023] published a prospective nonrandomized, uncontrolled study with 1-year follow-up on 28 POAG eyes with implant and combined cataract surgery with Xen45 combo. All eyes had 0.1 mL of 0.1 mg/mL MMC injected subconjunctivally. IOP and medications significatively decreased from 21.2±3.4 mmHg with 3.1±0.7 meds to 15.03±2.5 mmHg with 0.2±0.7 meds (reduction of 29.3%, p\<0.001 and 94.6%, p\<0.001 respectively). Complete success was achieved in 90% of the cases (definition A). Three patients still required medications at 1 year. No significant reduction in VA was reported ([Table 2](#T0002){ref-type="table"}).

De Gregorio et al[@CIT0024] published a nonrandomized prospective clinical study on 41 eyes of 33 patients. Glaucoma types were POAG in 35 (85.3%) and 6 (14.6%) had PXG. MMC dose was 0.1mL of 0.1mg/mL. Complete success was achieved in 33 eyes (80.4%) and qualified success in 40 eyes (97.5%) (definition A1). IOP and meds decreased from 22.5±3.7 mmHg with 2.5±0.9 meds at baseline to 13.1±2.4 mmHg with 0.4±0.8 meds at 1 year (IOP reduction 41.82%, p\<0.05).

Xen 45 Solo vs Xen 45 Combo {#S0006-S2003}
---------------------------

Hengerer et al[@CIT0025] compared Xen 45 solo (n=200) with Xen 45 combo (n=39) in a retrospective single center, single surgeon analysis including 117 patients with POAG (48.3%), 62 with PXG (25.6%), 21 with primary angle closure glaucoma (PACG) (8.7%), 14 with NVG (5.8%) and 10 with uveitic glaucoma (4.2%) with a 12 months follow-up. One-year data was available for 148 eyes. MMC dose was 0.1 mL of 0.1 mg/mL. One hundred seventy eyes (70.2%) had undergone prior interventions, with 53 eyes (21.9%) having a trabecular micro-bypass stent and 52 eyes (21.5%) having undergone prior trabeculectomy. Almost all eyes (n=239; 98.8%) were on at least one anti-glaucoma medication, 40 eyes (16.5%) were on two medications, 175 eyes (72.3%) were on 3 or 4 medications, and 11 eyes (4.5%) were on 5 medications with 87 eyes (36%) requiring systemic acetazolamide. The mean medicated baseline IOP in the Xen solo group was 31.5±8.4 mmHg on 3.1±1.0 meds decreasing to 14.3±4.2 mmHg on 0.3±0.7 meds and in the Xen combo group was 35.7±12.0 on 3.3±1.0 meds decreasing to 13.9±2.5 mmHg on 0.4±0.7 meds at post-operative month 12. Complete success was achieved in 55.4% of the eyes and qualified success in 73% with no significant difference between the two groups (definition A2).

Ozal et al[@CIT0026] compared Xen 45 solo (n=9) and Xen 45 combo (n=6) in a retrospective consecutive case series study including patients with POAG (66.6%), PXG (26.6%), PDG (6.6%) and previous filtering surgeries (20%) with 1 year follow-up. No MMC was injected. Nine eyes (60%) were on 4 meds, 6 eyes (40%) were on 3 meds. The mean medicated baseline IOP was 36.1 mmHg decreasing to 16.7 mmHg (p\<0.001) and the number of meds decreased from 3.6±0.5 to 0.3±0.9 (p\<0.001). Success criteria was not defined. At 12 months two patients (13.3%) required glaucoma treatment.

Widder et al[@CIT0016] in a retrospective single center study comparing Xen 45 solo (139 pseudophakic and 45 phakic eyes) and Xen 45 combo (49 eyes) including POAG (180, 77.2%), PXG (44, 18.8%), PDG (2, 0.8%), JOAG (1, 0.4%) and secondary unspecified glaucoma (6, 2.5%) with an average follow-up of 8.5 months (range: 1--23 months). MMC dose was 0.1 mL of 0.1 mg/mL. Patients included had prior history of laser therapy (ALT/SLT, 39) and glaucoma surgeries such as trabeculectomy (17), deep sclerectomy (6), trabectome (31) and vitrectomy (6). All patients with insufficient IOP reduction underwent a surgical revision as the primary treatment. The baseline IOP was 24.3±6.6 mmHg with 2.6±1.1 meds and significantly decreased to 16.8±7.7 mmHg (p\<0.001) with 0.2±0.7 meds (p\<0.001) at last follow-up. The authors used multiple definitions of success: Score A indicated the number of eyes that achieved target pressure without additional surgery: Score B was defined as IOP reduction \>20% and IOP\<18mmHg; score C as IOP\<21 mmHg and reduction\>20%; Score D as IOP lower than 15 mmHg and IOP reduction ≥40%. The percentage of primary success (Score A: no revision) was 66% and the overall success rate was 90% (1 revision). Pseudophakic eyes had higher success rates compared to phakic eyes and Xen combo (primary success was 73%, 53%, 55% respectively).

Heidinger et al[@CIT0027] in a single-center, retrospective study compared Xen 45 solo (n=61) and Xen 45 combo (n=138) in patients with POAG (113, 56.8%), PXG (72, 36.2%), and other glaucoma types (11, 5.5%) with up to 18 months follow-up. Only, 89/199 completed 12-month follow-up and 42/199 completed 18-month. MMC dose was 0.1 mL of 0.1 mg/mL. Baseline IOP and meds was 22.8±6.9mmHg on 2.9±1.0 meds decreasing to 17.1±5.9mmHg on 1.8±1.4 meds (P \< 0.0001) at 12 months, and to 16.4±3.8 mmHg and 1.8±1.4 at 18 months. Complete success was achieved in 15.4% of cases, whereas qualified success in 25.0% (definition A). Stratification by age (categories: \<60, 60 to 79, \>79y), sex, type of glaucoma, type of operation (solo vs combo) and previous surgeries showed similar results in terms of IOP reduction and meds.

Karimi et al[@CIT0028] in a retrospective case series evaluated Xen 45 solo (n=187) and Xen 45 combo (n=72) without any previous surgery. Only 89 eyes were evaluated at 12 months. Patients had POAG (208, 80.3%), NPG (17, 6.6%), PXG (13, 5%), PDG (6, 2.3%), traumatic glaucoma (6, 2.3%), NVG (5, 1.9%), iatrogenic glaucoma (1, 0.4%) and other types of glaucoma (3, 1.3%). Exclusion criteria were not mentioned. Baseline IOP and meds decreased from 19.3±0.7 mmHg on 2.6±0.1 meds to 14.2±0.9 on 0.8±0.2 meds (P\<0.0001). At 12 months, complete success was achieved in 37.4% and qualified success in 24.2% (definition A). There was no difference in outcomes between the two groups and they had similar needling rates and complications. Patients with previous glaucoma surgery also showed similar IOP reduction (19.8±6.9 mmHg to 13.9±4.0 mmHg) to patients without any previous surgery (19.4±13.3 mmHg to 13.5±6.3 mmHg). Similarly, no difference was found in terms of meds used, bleb needlings or adverse events in either subgroups.

Galal et al[@CIT0029] reviewed a prospective interventional case series of Xen 45 solo (n=3) and Xen 45 combo (n=10) with 12-month follow-up. MMC dose was 0.1 mL of 0.1 mg/mL. The results were not separated between solo and combo cases. Overall, baseline IOP decreased from 16±4 mmHg to 12±3 mmHg (−31.6%, p=0.01) and meds decreased from 1.9±1 to 0.3±0.49 (−82.9%, p=0.003). Complete success was achieved in 42%, while qualified success in 67% (definition A3).

Mansouri et al[@CIT0030] (2018), in a prospective interventional case series compared Xen 45 solo (n=40, 26.8%) and Xen 45 combo (n=109, 73.2%) with 12-month follow-up. MMC dose was 0.1 mL of 0.2 mg/mL. Glaucoma types were POAG (46, 54%), PXG (32, 37.2%) and other types (6, 7.1%). Only 87 eyes achieved 12-month follow-up. Mean IOP decreased from 20.0±7.1 with 1.9±1.3 medications to 13.9±4.3 mmHg (p\<0.01) with 0.5±0.8 medications (p\<0.001). The median IOP reduction was 40% in the Xen 45 solo group and 22.9% in the Xen 45 combo group. The primary endpoint, a 20% or more decrease from medicated baseline IOP at 1 year, was achieved in a total of 54 (62.1%) eyes; 17 (81.0%) in Xen 45 solo and 37 (56.1%) in Xen 45 combo (P = 0.04). At 1-year, complete success was achieved in 57.5% of the Xen 45 solo group and 64.2% of the Xen 45 combo group (definition C). There were no factors associated with increased failure. At 1 year, 28.7% of eyes required antiglaucoma medications for IOP reduction and 37% required a needling. Adverse effects included bleb revision (5), choroidal detachment (2), and secondary glaucoma surgery (9).

Hohberger et al[@CIT0031] conducted a single center prospective interventional study with a 6 months follow-up, comparing Xen 45 solo (n=81) and Xen 45 combo (n=30) in patients with POAG (72, 64.8%), PXG (31, 27.9%) and other types (8, 7.2%). Fifty-two eyes were pseudophakic in the Xen 45 solo group (64%). MMC dose was 0.1 mL of 0.3 mg/mL. The authors do not report mean IOP results. Complete success was achieved in 46.9% of Xen solo group and qualified success was 2.5% compared to 53.3% in the Xen combo group and qualified success of 3.3% (definition D1). No complications or needlings were reported.

A prospective multicenter nonrandomized trial by Reitsamer et al[@CIT0032] compared results of Xen 45 solo (n=120) and Xen 45 combo (n=98) with 2-year follow-up in uncontrolled moderate POAG. Two-hundred and forty eyes of 218 patients were enrolled (19 patients underwent Xen 45 implant in both eyes, at least one month apart). Overall, 197/218 (90.4%) eyes completed the 12-month visit; 174/218 (79.8%) completed the 24-month visit, while 44/218 (20.2%) discontinued the study. No case was withdrawn due to complications. Similar populations were available, in a modified intent-to-treat (mITT) model, with 182/202 (90.1%) and 161/202 (79.7%) eyes completing the 12- and 24-month visits, respectively, and 41/202 (20.3%) discontinuing the study. Adjunctive subconjunctival antifibrotic agents were used in all eyes; 99% received MMC, while the remaining 1% received 5- fluorouracil (5-FU). The absolute dose and time of injection of MMC was variable between sites raging from 10 to 500 µg administered either the day before surgery, right before or after implantation. No sub-analysis compared MMC dose. Mean medicated baseline IOP was reduced from 21.4±3.6 to 14.9±4.5 mmHg at 12 months and 15.2±4.2 mmHg at 24 months, with similar results in both treatment groups. Changes in mean IOP and medication count from baseline were −6.5±5.3mmHg and −1.7±1.3 meds at 12 months and −6.2±4.9mmHg and −1.5±1.4 meds at 24 months, respectively (all p \< 0.001). Overall, 51.1% (12 months) and 44.7% (24 months) of eyes were medication-free. Results were similar in both treatment arms. The mean changes in IOP from baseline were −6.6±5.6 and −6.4±5.0mmHg at month 12 and −6.4±5.2 and −5.9±4.6 mmHg at month 24 in the Xen solo and Xen combo groups, respectively. The mean changes in meds were −1.8±1.3 and −1.6±1.2 at month 12 and −1.5±1.5 and −1.5±1.2 at month 24, respectively. The mean percentage changes in IOP from baseline were −29.6% (month 12) and −28.2% (month 24) in the former group and −29.1% (month 12) and −27.2% (month 24) in the latter. At 24 months, outcomes were also similar in pseudophakic eyes that received the implant alone (IOP reduction, −8.4 mmHg; reduction in medication number, −1.5; n = 15 in the mITT population) versus the overall Xen alone group and the Xen combo group. The outcomes also appeared similar between phakic (n = 80) and pseudophakic (n = 25) eyes, although no statistical comparisons were made between these groups. Complete success was achieved in 65.8% of cases at 2-years (definition C). Several other cutoffs were used at 2 years: a reduction in IOP ≥30% in 48.4%, IOP ≤18 mmHg in 85.1%, IOP ≤15mmHg in 62.7% and IOP ≤12 mmHg in 24.2%. Overall, 51.1% (12 months) and 44.7% (24 months) of eyes were medication-free.

In a prospective multicenter open-label study, Fea et al[@CIT0033] compared 298 patients with Xen 45 solo (n=115) and Xen 45 combo (n=56) at 1-year results with 171 patients undergoing more than 9 months follow-up. At the 12-month visit, data were available for 87.1% of patients (149/171). In the Xen 45 solo, 72 were pseudophakic. Glaucoma subtypes included POAG (134, 45.0%), PXG (27, 9.0%), JOAG (2, 0.7%), NPG (7, 2.3%), uveitic (3, 1.0%), CMG (2, 0.7%) and ocular hypertension (1, 0.3%). Overall, mean IOP and meds decreased significantly at 12-months from 23.9±7 mmHg on 3.0±1.1 to 15.5±3.9 mmHg on 0.5±1.0. No patient was on oral CAIs (28 at baseline). Compared with baseline, IOP decreased in both the combo and solo groups at the final visit from 21.4 mmHg to 15.8 mmHg and from 25.0 to 15.4 mmHg, respectively. At 1 week postoperatively, IOP was significantly lower in the solo group compared with the combo group (p=0.04), but no significant differences were detected at the following visits. Mean meds remained the same between groups at all follow-ups. No significant differences in IOP or the number of medications were detected between phakic and pseudophakic patients. IOP and the number of medications were reduced at the final visit by 38.6% and 83.7% in the solo group and by 26.2% and 80.1% in the combo group, respectively. Phakic patients achieved the highest percentage reduction for both parameters, although none of these differences were statistically significant Similarly, no significant differences were found for either qualified or complete success, with IOP cutoffs of ≤18 and 16 mmHg with or without medications. However, with a stricter cutoff of ≤14 mmHg, the solo group achieved higher success rates compared to the combo group (41.6% vs 22.9%; p=0.03)

Summary of Xen Solo and Combo {#S0006-S2004}
-----------------------------

The studies reported in this section are very heterogeneous in terms of design, inclusion and exclusion criteria, pre-operative pressure and type of analysis. Xen 45 significantly reduced IOP (pre-operative range: 16--36.1 to postoperative range: 12--17.1) and medication use (pre-operative range: 1.9--3.6 to postoperative range: 0.2--1.8) both as a solo or as a combined procedure. The Authors disagree on the issue of better XEN efficacy as a solo or as a combined procedure. Some of the differences may be due to the way data have been analyzed, and it seems realistic that lower pressures may be reached, as in trabeculectomy, when the Xen is used as a solo procedure.

Safety {#S0007}
======

Complications {#S0007-S2001}
-------------

Xen 45 safety was evaluated by analyzing complication rates intra and postoperatively, needling rates and the need for a secondary surgical procedure. Timing of needlings varied widely due to surgical technique, surgeon preference and study population. Failure criteria was also variable with multiple definitions used if reported at all. Intraoperative complications include bleeding, subconjunctival and anterior chamber bleeding, dislocation and reimplantation of the device. Postoperative complications include hyphema and corneal pathologies. A significant postoperative complication is hypotony. Early numerical hypotony is usually transient and self-limited in the first month.[@CIT0021] Persistent clinical hypotony is defined as IOP \<6mmHg with corneal folds, maculopathy, chorioretinal folds, choroidal detachments or reduced vision. Many options are available to address hypotony, including conservative management, air or viscoelastic injection, revisional surgery and conjunctival compression sutures.[@CIT0017] Early IOP spikes may also occur and are typically transient. Chronic IOP rise can be due to a variety of causes including device obstruction, malposition, iris incarceration or fibrosis of the filtering bleb. Steroid response, although uncommon, can also occur. Understanding the underlying cause to IOP elevation allows to better tailor our treatment.

Finally, severe complications rates are fortunately low. Endophthalmitis and blebitis, as well as avascular filtering bleb secondary to MMC have all been documented in case reports. Anterior chamber reaction, uveitis, cystoid macular edema and fibrin formation can all occur postoperatively and are typically self-limited. Malignant glaucoma, erosions and leaks have also been reported in a small number of cases.

We will analyze individually each study, maintaining the division between studies analyzing Xen 45 solo, Xen 45 combo and Xen 45 solo vs Xen 45 combo ([Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"}).Table 3Needling Results of Xen StudiesPublicationStudy DesignN Eyes at BaselineN Eyes at Follow-Up (Months)Glaucoma TypePrevious InterventionTotal Number and % of Needling/RevisionType of Needling/RevisionTimingNo. of Repeated NeedlingComplicationsPérez-Torregrosa et al 2016[@CIT0023]Prospective non-controlled and nonrandomized study30 Xen45+Phaco28 (12)30 PACG-0\-\-\--Heidinger et al 2016[@CIT0027]Retrospective study61 Xen45 or 138 Xen45 + Phaco199 (12)113 POAG\
72 PXG\
11 OTHER\
2 PACG\
1 NTG89 (44.7%) TOT\
61 (30.7%) glaucoma sx\
45 (22.9%) cataract sx\
13 (6.5%) other ocular sx44 (22.1%)44 (67.7%) FU\
12 (18.5%) Dexamethasone\
2 (3.1%) mechanic\
7 (10.8%) YAG-laser6d--582d (med 59.5) at 1st needling25(12.6%) 1 needling\
14 (7%) 2 needling\
4 (2%) 3 needling\
3 (1.5%) REVISIONN/AHengerer et al 2017[@CIT0025]Retropspective analysis242 Xen45 or Xen45+Phaco148 (12)117 POAG\
21 ACG\
14 NVG\
10 UVEITIC170 (70.2%) iStent\
53 (21.9%) trab\
35 (14.5%) cyclophoto\
20 (8.3%) Phaco\
10 (4.1%) laser41 (27.7%)27G+BSS (noMMC)1 w--3moN/AN/AGalal et al 2017[@CIT0029]Prospective interventional study13 Xen45 alone or Xen45+Phaco13 (12)13 POAGNone\
(criteria of exclusion)4 (30.7%)27G (noMMC)\
at slit lamp1mo (3eyes)\
3mo (1eye)NoneN/AOzal et al 2017[@CIT0026]Retrospective consecutive case series study15 Xen45 alone or Xen45+Phaco15 (12)10 POAG\
4PXG\
1PG3 (20%)None\-\-\--Grover et al 2017[@CIT0022]Prospective, single-arm, open-label, multicenter study65 Xen4552 (12)57 POAG\
6 PXG\
1 PG\
1 OTHER45 (69.2%) cataract sx\
55 (84.6%) glaucoma sx21 (32.3%)Mechanic removal of adhesionsN/A21 (32.3%) 1 needling\
6 (9.2%) 2 needling\
1 (1.5%) 3 needlingN/ATan et al 2018[@CIT0021]Retrospective, consecutive, nonrandomized interventional case series39 Xn45 alone39(12)30 POAG\
5 PXG\
1 PG\
4 UVEITIC\
1 NVG\
1 STEROID INDUCED12 (30.8%) phaco\
3 (7.7%) trab\
2 (5.13%) iStent20 (51.3%)FU at slit lamp1w--5mo2 (1--4)NoneWidder\
et al 2018[@CIT0016]Retrospective single-center study233 Xen45 alone or Xen45+Phaco233 (8.5)180 POAG\
2 PG\
44 PXG\
1 JOAG\
6 SEC GL17 (7.3%) trab\
6 (2.6%) deep scl\
39 (16.7%) ALT/SLT\
31 (13.3%) trabectome\
6 (2.6%) vtc80 (34%) 1 revisionRevisional surgeryN/A23 (10%)-Mansouri et al 2018[@CIT0030]Prospective interventional study40 Xen 45 alone87 (12)15 POAG\
10 PXG\
4 OTHERN/A18 (45%)27G+MMC 0.01%158dN/A3 (2%) Xen damage109 Xen45+Phaco61 POAG\
42 PXG\
10 OTHER37 (34%)126dHohberger et al 2018[@CIT0031]Monocentric prospective interventional study81 Xen45 alone81(6)72 POAG\
31 PXG\
8 OTHERN/A49.4%27G+Bevacizumab 1.00mgN/AN/AN/A30 Xen45+Phaco30 (6)46.7%De Gregorio\
et al 2018[@CIT0024]Nonrandomized prospective41 Xen45 + Phaco40 (12)35 POAG\
6 PXG1 (2.5%) deep sclerectomy1 (2.5%))needlingN/AN/AN/AN/AKarimi et al 2019[@CIT0028]Retrospective review187 Xen45 or 72 Xen45+ Phaco259 (12)208 POAG\
17 NTG\
13 PXG\
6 PG\
6 TRAUMA\
5 NVG\
1 IATROGENIC\
3 OTHER72 (34.4%) SLT\
11 (4.2%) trab\
7 (3.3%) valve/stent(40.9%)30G needle\
12 (4.6%) physical\
35 (13.5%) pharmacological: 8.5% MMC, 91.5% 5FU\
58 (22.45) both1--3moMean 1.6 per caseN/AMidha et al 2019[@CIT0050]Report40 Xen45149 (12)POAG 15\
PEXG 10Criteria of exclusion18 (45%)\
Efficacy 81% at 1 yrN/A1.15 OR at d1\
1.16 OR at w136 (24.2%) 1 needling\
14 (9.4%) 2 needling\
5 (3.4%) 3 needlingIOP at d1 \>20 mm Hg -\> 80% prob of needling\
\>10 mm Hg -\>35% prob109 Xen45 + PhacoPOAG 46\
PXG 3237 (34%)\
Efficacy 56.1% at 1 yr1.01 OR at d1\
1.03 OR at w1Reitsamer et al 2019[@CIT0032]Prospective multicenter nonrandomized trial120 Xen45 or 98 Xen45 + Phaco202 (24)POAGExclusion criteria50 (43.9%)74 (89.2%) antifibrotic agent (MMF, %FU, other)Mean time to 1st needling 152d56 (67.5%) 1 needling\
IOP ≥20%: 59.2% at 12 mo\
44.6% at 24moN/A33 (37.5%)Fea et al 2020[@CIT0033]Prospective multicenter115 Xen45 or 56 Xen+Phaco149 (12)134 POAG\
27 PXG\
2 JOAG\
7 NTG\
3 UVG\
1 OHT\
2 Mixed4 (2.3%) trab\
1 (0.6%) deep sclerectomy\
1 (0.6%) vtc\
1 (0.6%) buckling\
47 (27.5%) SLT\
1 (0.6%) ALT79 (46.2%) needling\
1 (0.7%) stent revision for exposure\
Efficacy: 41 (27.5%)N/AN/A41 (27.5%) 1 needling\
21 (14%) 2 needling\
10 (6.7%) 3 needling\
3 (2%) 4 needling\
2 (1.3%) 5 needling\
2 (1.3%) 6 needling1 (0.6%) perforation after needling[^2] Table 4Needling Results of Xen StudiesPublicationInterventionHyphemaHypotony (Transient or Persistent)Choroidal DetachmentDevice ObstructionDevice MalpositionStent ExposureIOP SpikeSecondary Surgical InterventionOtherPérez-Torregrosa et al 2016[@CIT0023]30 Xen45+Phaco\-\-\-\-\-\-\--Intraop subconj hemorrhage 36.6%\
Intraop AC hemorrhage 86.6%\
Intraop hemorrhage at scleral exit point 20%\
Intraop relocation 20%\
Intraop reimplant 3.3%\
Encapsulation of filtration bleb 3.3%Heidinger et al 2016[@CIT0027]61 Xen45 +138 Xen45+Phaco3.5%8%\-\--1.5%-22.1% needling\
14.1% rate of reoperation:\
53.6% trabeculectomy\
28.6% second xen\
14.3% TSCPC\
3.6% laser trabeculoplastyHyphema 3.5%, Aqueous misdirection 0.5% Late-onset endophthalmitis 0.5%Hengerer et al 2017[@CIT0025]242 Xen45 or Xen45+Phaco1.7%4.0% (T)\
0.8% (P)\-\-\-\--27.75% needling\
5.8% other:\
5% 2nd Xen\
0.8% cyclophotoIntraop conj bleeding 5.0%\
Cysts 12.0%Galal et al 2017[@CIT0029]13 Xen45 or Xen45+Phaco\--15.4%\--7.7%-30.7% needling\
15.4% trabeculectomy-Ozal et al 2017[@CIT0026]15 Xen45 or Xen45+Phaco\-\-\--6.6%\-\--Intraop bleeding 6.6%Grover et al 2017[@CIT0022]65 Xen454.6%24.6%3.1%-1.5%1.5%21.5%32.3% needling\
9.2% secondary glaucoma sx w explant\
1.5% tube\
1.5% cyclophotoHyphema 4.6%, seidel positive 9%, macular edema 1.5%, flat AC 9.2, corneal edema 1.5%, vitreous hemorrhage 3%\
BCVAloss 6.2%Tan et al 2018[@CIT0021]39 Xen45 alone2.8%18% (T)\
3% (P)-7.7%\-\--51.3% bleb intervention\
(17% needling\
28% FU of post-trab eyes)--Widder\
et al 2018[@CIT0016]233 Xen45 or Xen45+Phaco5.6%--3.4%\
(spont solved in 2w)--0.4%0.9%2.6%27% pseudophakic\
47% phakic\
45% combinedmacular edema 1.7%\
fibrin reaction anterior chamber 0.9%\
shallow AC 1.3%\
avascular filtering bleb 8.9%Mansouri et al 2018[@CIT0030]40 Xen45 alone0.7%0.7% (P)1.4%0.7%0.7%--0.7%37% needling\
4.7% deep sclerectomy\
1.4% tube\
0.7% 2^nd^ Xen\
0.7% Xen repositioningBCVA loss≥2lines 2%\
Stent damage 2%\
Diplopia 0.7%\
Hypotony maculopathy 0.7%\
Macular edema 1.4%\
Retinal detachment 0.7%\
Steroid response 1.4%, Leak 1.4%109 Xen45 + PhacoHohberger et al 2018[@CIT0031]81 Xen45 alone------------49.4% needling--30 Xen45 + Phaco46.7% needlingDe Gregorio et al 2018[@CIT0024]41 Xen45 + Phaco--1 (T)2.5%2.5%2.5%----2.5% needling\
2.5% trab2.5% explantationKarimi et al 2019[@CIT0028]187 Xen45 + 72 Xen45+ Phaco--30.1%--------0.8%40.9% needling\
9.3% secondary filtration surgeryIOP spikes 12.7% dysesthetic blebs 3.9% erosion/exposure 2.3%, endophthalmitis 0.4%Reitsamer et al 2019[@CIT0032]120 Xen45 or 98 Xen45 + Phaco4.6%2.3%1.8%1.4%0.5%1.8%2.8%43.9% needling Xen alone\
37.5% needling Xen+Phaco\
6.4% secondary interventionIntraop:\
2.8% AC bleeding\
0.5% iris damage\
0.5% SC hemorrhage\
0.5% zonular disinsertion\
Postop:\
0.9% dysesthesia\
0.9% shallow AC\
0.9% subconj hemorrhage\
0.5% Endophtalmitis\
0.5% macular edemaFea et al 2020[@CIT0033]115 Xen45 or 56 Xen45+Phaco33 (22%)7 (4.7%)16 (10.7%)--5 (3.4%)1 (0.7%)--7% tot\
5.3% trab\
0.7% Ahmed valve\
0.7% Baerveldt valve\
0.7% vtc\
0.7% bleb revision for exposure1 (0.7%) Fibrin reaction in AC\
1 (0.7%) stent rupture\
1 (0.7%) malignant glaucoma[^3]

Xen 45 Solo {#S0007-S2002}
-----------

In the study of Tan et al[@CIT0021] numerical hypotony at day 1 was observed in 8 patients (20.5%) but resolved by four weeks without intervention except for one eye, which required AC reformation. Hyphema requiring AC wash-out occurred in one case (2.8%). Bleb intervention (median 2) occurred in 20 patients (51.3%). No patient required further glaucoma surgery. Subgroup analysis was performed between groups receiving a bleb intervention and a group which did not. Phakic patients were more frequent in the intervention group and had significantly higher IOP at 12-months (p=0.03).

Grover et al[@CIT0022] did not report any intraoperative complication. Sixteen (24.6%) patients experienced transient numerical hypotony (defined as IOP \<6 mmHg) with 87.5% of cases had resolving by day 27. Overall, visual recovery following implantation of the gelatin stent was rapid and most patient experienced no change of VA by one year (94.6%). Of the four cases with reduced VA at one year, all were attributed to some retinal morbidity unrelated to the implant and in one case VA improved after cataract extraction. Needling was performed in 21 (32.3%) patients; 6 (9.2%) had 2 needlings and 1 (1.5%) had 3 needlings. One case of stent exposure occurred following implant repositioning. A secondary surgical intervention was required for 9 patients (13.8%). Those procedures occurred within 90 (1), 180 (4), 240 (7) and 300 days (9).

Xen 45 Combo {#S0007-S2003}
------------

Pérez-Torregrosa et al,[@CIT0023] reported no hypotony or other severe complications. They reported intraoperative complications such as subconjunctival bleeding after MMC injection (11, 36.6%), slight intra-cameral hemorrhage (26, 86.6%) and bleeding at the scleral exit point (27, 90%). In 6 eyes (20%), the device was re-implanted due to short subconjunctival pathway and in one eye (3.3%) the device was re-implanted as it was too long into the AC.

De Gregorio et al[@CIT0024] had one case of possible obstruction of the device occurring one month after surgery and requiring a trabeculectomy. Few complications was noted with only one patient with hypotony and choroidal detachment which resolved spontaneously in one week, one needling and one device migration requiring explantation.

Xen 45 Solo vs Xen 45 Combo {#S0007-S2004}
---------------------------

Hengerer et al[@CIT0025] reported transient intraoperative hyphema in 4 eyes (1.7%) and conjunctival bleeding in 12 eyes (5.0%). Hypotony was observed in 9 eyes (3.7%) at one month and two eyes (0.8%) required an AC viscoelastic injection. Needling was required in 27.7% of all eyes and were performed between Week 1 and Months 3. Secondary surgical interventions were performed in 14/242 eyes (5.8%) and 12 eyes (5%) were successful with a second XEN 45 implant.

Ozal et al[@CIT0026] did not report needling rates. Bleeding at the time of implantation occurred in one case (6.6%), in another case the stent was removed because it prolapsed in the anterior chamber.

Widder[@CIT0016] reported intra-operative hyphema (22, 9.4%) with resultant post-operative hyphema which spontaneously resolved in 13 eyes (5.6%). Choroidal detachment occurred in 8 eyes (3.4%), IOP spikes (≥30mmHg) in 6 eyes (2.6%); macular edema in 4 eyes (1.7%) and fibrin reaction in 2 eyes (0.9%). A shallow anterior chamber was found in 3 eyes with one requiring AC viscoelastic injection. Two stents eroded the conjunctiva and were removed with one requiring a secondary stent, while the other developed a spontaneous bleb without any implant. One patient had a stent completely in the subconjunctival space and another one was damaged. The rate of surgical revision was 34% (80 eyes), and the rate of more than one surgical revision or with secondary filtering surgery was 10% (23 eyes). The mean time interval between stent implantation and revisional surgery was 5.0±4.2 months, and the mean time interval between revisional surgery and last follow-up was 5.2±4.8 months.

Heidinger et al[@CIT0027] reported no significant intraoperative complications. In 16 cases (8.0%) hypotony (≤6mmHg) occurred at day 1 with only one case requiring AC viscoelastic injection. Early hyphema (7, 3.5%) resolved within 1 week. Malignant glaucoma developed in one patient at day 5 requiring vitrectomy and there was one case of late-onset endophthalmitis at four months postoperatively treated with intravitreal antibiotics. Needlings/revisions were performed in 44 eyes (22.1%) with some cases requiring multiple needling revisions. In total 65 needlings were performed: 44 (67.7%) with 5-FU, 12 (18.5%) with dexamethasone and 2 (1.5%) without medications. Time to first needling ranged between 6 and 582 days with a median of 59.5 days. Three revisions (1.5%) were required due to stent exposure. In 28 cases (14.1%) a secondary filtering surgery was performed: 15 trabeculectomies (53.6%), 8 second Xen implant (28.6%), 4 transscleral cyclophotocoagulations (14.3%). Time to reoperation ranged between 8 and 916 days with a median of 196 days.

The most common complication in the Karimi study[@CIT0028] was numerical hypotony (90, 34.7%) with 72% resolving within 1 week. Hypotony maculopathy occurred in 5 eyes (1.9%), three resolved spontaneously (2 in one week and 1 in 1 month) and two required surgery (one re-suturing because of a bleb leak and one cryotherapy). IOP spikes (≥30mmHg) occurred in 33 eyes (12.7%). Secondary filtration surgery or ECP was needed in 29 cases (11.1%). Transient occlusion of the implant was present in 10 (3.9%) cases, 9 of which due to iris blocking the inlet of the device. One of these eyes (0.4%) required iris manipulation and another case (0.4%) medications were added. Persistent BCVA loss of ≥2 lines or ≥10 ETDRS letters lasting \>1 month occurred in 9 (3.5%) eyes. Large dysesthetic blebs developed in 6 cases (3.9%). Six cases (2.3%) had stent erosion/exposure. One case (0.4%) of endophthalmitis was present at 18 months. Central retinal vein occlusion developed in one (0.5%) case and a cyclodialysis cleft secondary to implant insertion in one (0.5%) case. Sixteen cases (6.2%) required bleb or implant revision or repositioning. Apart from ECP, 2 further cases (0.7%) underwent other laser procedures to reduce IOP.

Galal et al[@CIT0029] counted 4 eyes (30.7%) requiring needling and 2 (15.4%) requiring trabeculectomy as a second intervention. No severe complications were reported, and minor complications were transient choroidal detachment in 2 eyes and implant extrusion in 1 eye that required repositioning and conjunctival suture.

Mansouri et al[@CIT0030] demonstrated a good safety profile with a low number of eyes experiencing adverse events. The total rate of adverse events was 14.7% with 22 eyes experiencing one or more adverse events. Three eyes (2%) had a loss in BCVA ≥2lines. Visual acuity loss was permanent in 2 eyes, one due to retinal detachment and one secondary to hypotony maculopathy. Needling rates at 1 year in combo eyes were 37% and a higher in solo eyes (45%) on average 4.5 months after surgery. Additional glaucoma surgery was needed in 9 eyes (10%), with 7 (4.7%) undergoing deep sclerectomy, 2 (1.4%) implanted with a second glaucoma drainage device, 1 (0.7%) with a second Xen, while 1 (0.7%) needed Xen repositioning.

Reitsamer[@CIT0032] reported intraoperative complications in 10 eyes (4.6%), the most common being AC bleeding in 6 eyes (2.8%). Postoperative complications occurred in 65 out of 218 eyes (29.8%); persistent uncontrolled IOP (6.4%) and hyphema in 10 eyes (4.6%) being the most common. Numerical hypotony occurred in 44/218 eyes (20.2%) and resolved spontaneously within the first 2 postoperative weeks. No hypotony complications were reported. Three of the study eyes experienced serious adverse events: central retinal vein occlusion at 12 months, conjunctival erosion with implant exposure, endophthalmitis (15 months postoperatively) and high IOP with SSI (cyclodestructive surgery) in the untreated fellow eye. The overall needling rate at 2 years was 41.1%, without significant differences between Xen solo (43.9%) and Xen combo (37.5%). Mean and median numbers of needling per eye were 1.6±1.1 and 1.0 (range of 1 to 6) in the overall population at 24 months. The majority of needled eyes (56 out of 83; 67.5%) had 1 needling, the mean time to the 1st needling was 152±160 days (median, 90 days). Secondary surgical intervention was needed in 14 eyes (6.4%).

Intra-operative complications were not reported in the study by Fea et al.[@CIT0033] Post-operative complications included: hyphema (33), shallow anterior chamber (7), choroidal detachment (16), migration in the anterior chamber (3), fibrin reaction (1), perforation after needling (1) and exposure (1). Stent repositioning was necessary in 3 cases. A single case of malignant glaucoma which needed vitrectomy was reported. The visual acuity was reduced to 1/10 at the final follow-up visit. Overall, 147 needlings were performed in 79 patients (46.2%), most patients required only 1 needling (41), others required 2 (21), 3 (10), 4 (3), 5 (2), and 6 (2) needlings. The needling rate was significantly higher in patients in the combo group compared with the solo group (48.21% vs 45.22%, P \<.01) and in pseudophakic vs phakic patients (45.83% vs 44.19%, p=0.002). Additional surgery was performed in 12 (7%) patients (8 in the solo group and 4 in the combo group) including trabeculectomy (8), Ahmed valve implant (1), Baerveldt glaucoma implant (1), vitrectomy for malignant glaucoma (1), and bleb revision for exposure (1). Four of the additional procedures were performed on patients who had undergone previous glaucoma surgery.

Xen 45 in Glaucoma Different from POAG {#S0008}
======================================

PXG {#S0008-S2001}
---

Some studies included PXG patients but did not perform any analysis to further characterize their outcomes and will not be included in this section.

Ibáñez-Muñoz et al[@CIT0034] compared 21 eyes in a retrospective 12 months chart review analysis (13 Xen 45 alone and 8 Xen 45 combo) of patients with pseudoexfoliative glaucoma (PXG). Two experienced surgeons performed all cases using 0.1mL of MMC 0.1mg/mL. The baseline IOP was 21.1±3.8mmHg with 3.0±0.1 meds and the post-operative IOP was 15.2 ±3.9 mmHg with 1.23±1.22 meds (p\<0.001) with no differences between the two groups. Total success rate was 85.7% (18) with 28.6% (6) achieving complete success and 57.1% (12) qualified success (definition A3). Needling was performed in 5 (23.8%) of the cases and one (4.8%) went on to trabeculectomy. Adverse events were transient including hypotony (4.8%), hyphema (4.8%), choroidal detachment (4.8%), uveitis (9.5%) and cystoid macular edema (4.8%).

Subgroup analysis were performed for POAG and PXG in the Hohberger et al (2018), described above. Xen 45 complete success was higher in the Xen 45 combo group in eyes affected by PXG (57.1%) compared to POAG (46.7%), but lower in the Xen 45 solo group (POAG 57.4% vs PXG 20%).

Mansouri et al[@CIT0035] conducted a prospective study including 57 eyes with POAG and 53 eyes with PXG with 1-year follow-up. Xen 45 solo was performed in 41 cases (72%) and Xen 45 combo in 40 cases (75%) by 2 surgeons. MMC dose was 0.1 mL of 0.2 mg/mL. IOP decreased at 1 year from 19.8±5.8 to 13.9±4.6 (−30%, p\<0.01) in POAG and from 19.7±8.2 to 13.6±4.3 (−31%, p\<0.01) in PXG. Medications decreased from 1.9±1.1 to 0.4±0.8 (p\<0.001) in POAG and from 2.0±1.3 to 0.5±0.8 (p\<0.001) in PXG. Complete success (IOP ≤16 mmHg without meds) was obtained in 38% of POAG and 57% of PXG (p=0.086), while qualified success (IOP ≤16 mmHg with meds) in 33% and 81%, respectively. PXG (HR, 0.36; P=0.043), lower baseline IOP (HR, 1.16; P \< 0.005), and higher baseline meds (HR, 0.62; P = 0.043) were risk factors for success. Overall, there were a total of 27 ocular adverse events during the follow-up period. The most frequent were bleb revisions (3.4%), decrease in BCVA of \> 2 lines (2%), and damaged XEN implant during needling (2%). One eye (0.9%) developed clinical hypotony with hypotony maculopathy. Nine (8.2%) eyes required a second glaucoma surgery.

Two years after implantation, Gillmann et al[@CIT0036] compared Xen 45 solo (24%) and Xen 45 combo (76%) in patients with POAG (57 eyes) and PXG (53 eyes). Patient characteristics were similar between the 2 groups except for older age for the patients with PXG. Mean medicated IOP were 19.8±5.8 mmHg on 1.9±1.6 meds (POAG) versus 19.8±8.2 mmHg on 2.0±1.3 meds (PXG) at baseline which decreased to 14.5±3.6 mmHg (−27%) on 0.6±0.9 meds versus 14.2±3.8 mmHg (−28%) on 0.4±0.7 meds, respectively, at 2 years. Using an IOP cutoff of 16 mmHg, 51.4% (POAG) versus 57.1% (PXG) eyes achieved complete success at 2 years. By 24 months, needling was performed in 42.8% (POAG) and 43.2% (PXG), with an average time to needling of 163 and 135 days, respectively. The rates of adverse effects were 30.6% (POAG) and 36.4% (PXG). Secondary glaucoma surgeries were required in 14.3% of POAG versus 15.9% PXG eyes. Three incisional bleb revision were performed in the PXG group compared to 1 in the in the POAG group. Overall, a total of 28 ocular adverse events were recorded during the follow-up period, excluding second surgical interventions. The most frequent early (\<1 month) adverse events were hyphema (total 8.2%; 7.0% POAG; 9.4% PXG) and transient hypotony (total 3.6%; 5.3% POAG; 0% PXG). The most frequent late (\>6 months) adverse event was surgical revision (total 3.6%; 1.8% POAG; 5.7% PXG).

UVG {#S0008-S2002}
---

Qureshi et al[@CIT0037] retrospectively, reviewed 37 eyes with medically uncontrolled uveitic glaucoma treated with Xen 45 solo with 12 months follow-up. Preoperatively all patients were on more than 3 ocular hypotensive medications and 75.7% were on oral acetazolamide. Systemic immunosuppression was used in 62.2% and all were on topical steroids. Baseline IOP was 36.1±9.6 mmHg on 3.7±0.5 meds and decreased to 12.6±4.1 mmHg (−65%) on 0.6±1.1 meds (−83%) at 1 year. Bleb needling with 5-fluorouracil was performed on 5 eyes (13.5%). Clinical hypotony occurred in 7 eyes requiring AC reformation (4) and compression sutures (2). Five eyes (13.5%) required secondary glaucoma surgery. Complete (no meds) success at 1 year was 89.2% for an IOP ≤ 21 mmHg and ≥ 20% reduction from baseline and for an IOP ≤ 15 mmHg and ≥ 30% reduction from baseline. Qualified (with meds) success was 91.9% for both IOP cutoffs.

Sng et al[@CIT0018] published a prospective case series on 24 (17 phakic, 7 pseudophakic) uveitic glaucomas implanted with Xen 45 solo with 12-month follow-up. MMC dose was 0.1 mL of 0.2 mg/mL. IOP decreased from 30.5±9.8 mmHg on 3.3±0.8 meds at baseline to 12.2±3.1 mmHg (−60%) with 0.4±0.9 meds at 1 year with 62.5% being medication-free. Needling was performed in 10 eyes (41.7%), bleb revision in 5 eyes (21%), anterior chamber reformation with viscoelastic in 5 eyes (20.8%). Further glaucoma surgery was needed in 4 eyes (16.7%): 1 eye trabeculectomy and 3 tube shunts. The most common postoperative complication was transient postoperative IOP elevation in 15 eyes (62.5%). Hypotony was noted in nine eyes (37.5%) resolving within 2 weeks in eight eyes. One patient (4.2%) had persistent hypotony and a choroidal effusion 2 months after XEN-45 implantation and required bleb revision with choroidal drainage. Erosion of the Xen occurred in two eyes (at postoperative month 3 and postoperative month 4, respectively) requiring surgical revision. Three eyes (12.5%) lost ≥2 lines of BCVA due to cataract progression after implantation. One eye developed blebitis (4.2%) 9 months after implantation due to an avascular bleb and resolved with topical antibiotics.

ICE {#S0008-S2003}
---

Lin et al[@CIT0038] presented 4 cases of eyes with ICE syndrome. Baseline IOP was 28.5 mmHg on 3.8 meds and decreased to 10.5 mmHg on 1.0 med. No additional surgery was required during the 6.9 months of follow-up. Two patients had transient hypotony, one that resolved with conservative treatment and another with concomitant choroidal effusions required AC viscoelastic injection with eventual resolution of the choroidal at 6.9 months. No implants were occluded by membranes or peripheral anterior synechiae.

Hohberger et al[@CIT0039] described a case report of a 53-year-old woman with ICE syndrome with corectopia who underwent previous DMEK surgery and CPC. Baseline IOP was 24 mmHg on maximal therapy. Subconjunctival anti-VEGF and 5-FU were used pre and postoperatively. At final follow-up (6 months), IOP was 12 mmHg on 1 med.

After Dexamethasone Implants {#S0008-S2004}
----------------------------

Rezkallah et al[@CIT0040] reported on five eyes of four consecutive cases of steroid induced glaucoma who underwent Xen 45 solo (3) or Xen combined (2) surgery and subsequent DEX-implants with no further increase in IOP increase with a mean follow-up of 5 months.

In Pediatric Glaucoma {#S0008-S2005}
---------------------

Smith[@CIT0041] reports four cases of pediatric glaucoma treated with 3 ab interno and 1 ab externo Xen. One patient previously underwent cataract surgery and another had previous ab externo trabeculotomy. The patient with previous ab externo trabeculotomy failed the first Xen after 5 weeks and a second Xen was implanted through an ab externo route. The third case presented with a closed angle and underwent a Xen 45 combo. MMC concentration varied from 01 to 0.2 mL of 0.2 to 0.4 mg/mL. The length of follow-up ranged from 6 months to two years. In this small series no complications were reported.

Efficacy and Safety of Needling Revision {#S0009}
========================================

The needling rate reported in the different studies has been examined in the safety section for each individual study and only studies specifically addressing needlings revision are reported in this section.

Ferreira et al[@CIT0042] reported the first case where Xen early failure (IOP 26mmHg with a thickened non-diffuse bleb despite medical treatment) which was needled with trypan blue injected in the AC prior to the intervention. This case report highlights the advantages of injecting Trypan blue at the time of needling as it helps better assess when the flow is re-established. IOP was well controlled after needling with a diffuse bleb after 2 months.

Olivari et al[@CIT0043] described 3 cases of unintentional Xen amputation at the time of needling, resulting in a mean distal segment length of the truncated Xen of 0.83 (range: 0.7 to 1) mm. The mean IOP decreased from 25.0mmHg (range 21--30) before needling to 12.0mmHg (range 10 −14) after needling, with a mean follow-up of 15.3 (range: 11 to 18) months and no vision-threatening complications. These were encouraging as shortening of the device should theoretically decrease resistance and increase flow rate, according to the Poiseuille's equation. Bustros et al[@CIT0044] illustrated a similar case in which the view was obstructed at the time of needling due to subconjunctival heme. At the end of the procedure a fragment of Xen (1.1 mm in length) was found under the conjunctiva. The Authors report a formed bleb up to one month after needling.

Midha et al[@CIT0045] performed a recent prospective interventional study about the efficacy of needling revision as a procedure of choice in the management of fibrotic blebs. Needling was performed with a 27G needle and MMC with 10% of concentration was injected subconjunctivally. One limitation of this study was that decision to needle was dependent upon the surgeon's discretion. Fifty-one eyes (13 Xen 45 solo and 38 Xen 45 combo) with raised IOP associated with either a fibrotic or a shallow bleb or increased vascularity were enrolled in the study, while other causes of filtration failure (stent malposition, obstruction) were excluded. Glaucoma types were mainly POAG (n=21), and PXG (n=18). Comparing the solo and combo groups, no difference was found in the number of needlings (P=0.96), the time between surgery and needling (P = 0.23), or the time between the first and the second needling (P = 0.98). Overall 20 of 51 eyes (39.2%) required \>1 needling revision, and 14 eyes (24.5%) required further surgery. Mean preoperative IOP was 22.3±8.2mmHg and decreased to 14.3±8.0mmHg at day 1 after surgery (−36.8%). Mean pre-needling IOP was 23.6±8.9mmHg, and it reduced to 12.1±4.2mmHg (−48.7%) at the first post-revision appointment. The primary outcome was the IOP percent reduction after needling at the last follow-up visit (on average 17.0±7.0 months after the first needling). A significant IOP reduction of 39.4% from prerevision baselines and of 35.9% from preoperative values was found, with a mean IOP of 14.3±4.1mmHg. Partial amputation of the Xen during needling occurred in 2 cases (3.9%). Hypotony with choroidal detachment occurred in 1 case (2%), and further 14 cases (27.5%) required further glaucoma surgery.

Trabeculectomy and Xen {#S0009-S2001}
----------------------

Schlenker et al[@CIT0015] performed an international, multicenter, retrospective, interventional, cohort study. The Xen 45 solo group included 185 eyes and the trabeculectomy group169 eyes with a variety of glaucoma types including POAG (202, 57.1%), PXG (80, 22.6%), PACG (4, 1.1%) PDG (20, 5.6%), JOAG (12, 3.4%) and CMG (20, 5.6%) and NPG (8, 2.3%). Baseline characteristics were similar between groups except for more males (56% vs 43%), younger patients, better preoperative visual acuity, and more trabeculoplasty (52% vs 30%) in the Xen group. Before surgery 0.05 to 0.2 mL MMC of 0.2 mg/mL) was injected subconjunctivally (MMC soaked sponges were used for some of the trabeculectomy patients). The median preoperative IOP in the Xen group was 24.0 (19.0--30.0) mmHg and 24 (19.0 −32.0) mmHg in the trabeculectomy group which improved to 13.0 (11.0--16.0) mmHg in both groups at 12 months. The median number of baseline meds was 3.0 (3.0--4.0) for both groups and decreased to 0.0 (IQR, 0.0--0.0) meds in both groups. Complete success was defined IOP between 6 to 17 mm Hg without medications or with medication (qualified success) and with different IOP cutoffs of 6 to 21 mmHg. Postoperative intervention rates were 43% needling in the Xen group and 31% needling in the trabeculectomy group as well as 50% laser suture lysis. Reoperation rates were 10% (19) in the Xen group and 5% (9) in the trabeculectomy group (p=0.11). Complications were as follow in the Xen vs trabeculectomy group: hyphema 1.1% vs 1.2%; hypotony 1.1% vs 0.6%, choroidal detachment 0.5% vs 1.2%. Four microstent eyes and 2 trabeculectomy eyes developed malignant glaucoma. One trabeculectomy eye had blebitis that resolved with conservative treatment. The most common reoperation was repeat microstent insertion, followed by a Baerveldt tube shunt. Eyes with preoperative IOP of more than 21 mmHg, non-Caucasians and with BCVA of 0.4 logMAR or better appeared to perform better with the Xen and when preoperative IOP was 21 mmHg or less, Caucasians and with BCVA of 0.4 logMAR or worse appeared to perform better with the trabeculectomy.

XEN Post-Trabeculectomy {#S0009-S2002}
-----------------------

Karimi et al[@CIT0046] performed a 12 months multicenter retrospective case review of 17 eyes (3 Xen 45 solo and 14 Xen 45 combo) with prior failed trabeculectomy. The patients enrolled had POAG (13, 76.4%), secondary OAG (3, 17.6%) and other type of glaucoma (1, 5.8%). Pre-operative IOP was 21.5± 2.4 mmHg on 2.8±0.6 meds decreasing to 13.6±3.4 mmHg on to 1.0±1.3 meds. Complications included: numerical hypotony (4, 23.5%) that all resolved spontaneously, IOP spike of ≥ 30 mmHg (2, 11.8%) and transient occlusion of the implant by iris (1, 5.9%). Secondary filtration surgery (Baerveldt tube implantation) was required in 2 (11.8%) cases. Postoperative bleb intervention was required in 9 cases (52.9%), usually in the first month after surgery.

Trabeculectomy Post-Xen {#S0009-S2003}
-----------------------

Gizzi et al[@CIT0047] in a retrospective case series of 8 eyes (7 solo, 1 combo) described outcomes of trabeculectomy with MMC (0.2--0.4mg/mL) performed by 3 surgeons following a failed Xen (MMC 0.1--0.2mL of 0.1--0.4 mg/mL) with at least 6 months follow-up (median 10.5 (6--26) months). Glaucoma types were POAG (5, 62.5%), PXG (2, 25%) and uveitic (1, 12.5%). Median IOP was 29.0 (12--45) mmHg on 2.5 (0--5) meds decreasing to 7.5 (2--12) mmHg on 0 medications. At the time of Xen implantation, there were 2 intraoperative complications: one patient required a second Xen due to stent malposition and one patient required conjunctival opening to free the Xen under tissue. After Xen implantation, 4 cases had postoperative complications: 1 bleb leak, which resolved with a bandage contact lens, 1 AC shallowing needing viscoelastic injection and 2 IOP spikes (one treated medically and one requiring urgent trabeculectomy). Six patients required one or multiple needlings for suboptimal IOP. Reasons for trabeculectomy were inadequate IOP (7) and drop intolerance (1). At the time of trabeculectomy 1 patient had the Xen implant removed and 2 patients received an injection of bevacizumab in the AC. After trabeculectomy, 3 patients experienced transient bleb leaks. One patient required a trabeculectomy revision at 4 weeks for poorly controlled IOP.

Bleb Imaging {#S0009-S2004}
------------

Fea et al[@CIT0048] performed a prospective 12-month study on patients with POAG, either alone or combined with cataract surgery. The primary aim was to examine bleb morphology using a variety of imaging techniques such as biomicroscopy, to measure bleb area, borders and vascularization; IVCM (HRT II/Rostock Cornea Module, RCM; Heidelberg Engineering, Inc, Franklin MA, USA) to measure the bleb area, density of intraepithelial microcysts and reflectivity of subepithelial connective tissue; AS-OCT (RTVue-100 Optovue, Inc, Fremont, CA, USA) to analyze macroscopically the morphology of the bleb. A postoperative IOP≤18mmHg without or on medications was respectively defined as complete and qualified success while an IOP\>18mmHg was defined as failure. Twelve eyes of 11 patients were evaluated. At one year, 5 out of 10 patients available achieved a complete success while five were qualified success. AS-OCT showed that bleb wall reflectivity was significantly higher in the failure group; IVCM revealed that stromal density was significantly lower in the success group.

AS-OCT was also used by Lenzhofer et al[@CIT0049] to evaluate Xen bleb morphology in a prospective, single-center, single-armed cohort study over 12 months. The Authors classified bleb appearance using their own method into four different entities: uniform, subconjunctival separation, microcystic uniform and microcystic multiform. Uniform blebs in AS-OCTs showed higher IOPs at all examinations between week 1 (17.7±4.8 mmHg versus 11.3±7.1mmHg, p=0.001) and month 3 (16.4±6.1 versus 13.4±6.1, p=0.04). Subconjunctival tissue separation bleb morphology was associated with lower mean IOPs during the course of 12 months (r = 0.75, p = 0.031). Predictors for surgical failure at month 12 were microcystic multiform bleb morphology in AS-OCT at month 3 (60% versus 15%, relative risk 4.0, p = 0.043) and uniform bleb morphology at month 9 (33% versus 23%, relative risk 1.4, p = 0.015).

Predictors/Risk Factors {#S0010}
=======================

Identifying risk factors can help guide anti-fibrotic use, the number and timing of post-operative visit or eventually the exclusion of subtypes of patients. Better understanding of these factors can allow us to tailor our treatments.

In the study of Midha[@CIT0050] mean IOP at day 1 was significantly lower in Xen 45 solo group compared to the Xen 45 combo group, but this difference did not persist at 1 week. In the Xen 45 solo group, higher postoperative day 1 IOP lead to higher rate of needlings (OR: 1.14; 1.02--1.28) and total number of needlings (OR: 1.15; 1.06--1.26). In the solo group, an IOP \>20 mmHg on day 1 increases the probability of needling to 80%. The probability of needling and the number of needlings was not influenced by age, type, severity of glaucoma and number of glaucoma medications. Success rates at 1 year were better in the Xen 45 solo group with 81% eyes achieving complete success versus 56.1% in Xen 45 combo group (p = 0.04) when lower IOP were measured at day one.

One study found female gender to have higher qualified success rates (female 68% vs male 39%).[@CIT0020] Although there was no difference in complete success rates (28% female vs 18% male).

Mansouri[@CIT0035] showed higher success in patients with PXG (HR 0.36; P = 0.043), lower baseline IOP (HR 1.16; P \< 0.005) and more baseline medications (HR 0.62; P = 0.043). All other factors analyzed (age, sex, type of surgery, baseline MD) were not predictive of success.

Week 1 and month 1 IOP were associated with better success rates in a multicenter study by Fea.[@CIT0033] Patients with a week one IOP lower than 6, 8 or 10 mmHg had a significantly higher probability of success defined as an IOP ≤14, ≤16, or ≤18 mmHg at the final follow-up visit. In addition, patients with an IOP change of \<6 mmHg between week 1 and month 1 had a higher chance of achieving an IOP ≤16 or ≤18 mmHg at the final follow-up. Number of needlings were significantly correlated with day 1 (r = 0.24, P =.006), week 1 (r = 0.27, P \<.001), and month 1 (r = 0.32, P \<.0001) postoperative IOP. Patients who did not undergo needling had a chance of achieving complete success with IOP ≤14 mmHg (68.8% vs 46.7%), ≤16 mmHg (66.7% vs 41.9%) and ≤18 mmHg (66.7% vs 39.3%).

Endothelial Cell Loss {#S0011}
=====================

Fea et al[@CIT0048] prospectively evaluated 12 eyes of 11 patients over one year. Ten eyes underwent a solo procedure. At the end of the study there were no differences in terms of endothelial cell count, although cell hexagonality increased significantly.

Gillmann et al[@CIT0051] in a retrospective study compared the effect on ECD of Xen 45 combo (n=17) with that of a standard phacoemulsification (phacoemulsification) (n=15) over 24 months. ECDs at baseline were 2568±491 cells/mm2 in the Xen 45 combo group and 2379±335 in the phacoemulsification group and decreased by 14.5% in the Xen combo group and 14.3% in the phaco group at 24 months. There was no change in ECD in patients receiving needlings. A risk factor for ECD loss in both groups was the presence of a shallow anterior chamber preoperatively (VH grade ≤ 3) with a mean ECD loss in shallow anterior chambers of 37.9±11.5% vs 10.1±9.2%.

Case Report/Small Case Series {#S0012}
=============================

Dislocation {#S0012-S2001}
-----------

Dervenis et al[@CIT0052] presented a case of Xen dislocation into the anterior chamber in a 45-year-old female with asthma, eczema and multiple allergies. Six months post-surgery she developed episcleritis and one month later the device was noted in the anterior chamber angle.

Gillman reported a case a Xen dislocation due to probable eye rubbing. ECC measurements taken monthly showed a more important drop the month of the dislocation (2.1%) before the device was replaced.

Dysesthetic Bleb {#S0012-S2002}
----------------

Yavuzer et al[@CIT0053] reported a case of a 75-year-old male patient with PXG who underwent a Xen 45 combo with 0.1 mL 0.2 mg/mL of MMC. Three months postoperatively, unmedicated IOP varied between 9 and 13 mmHg. However, the bleb extended in the nasal quadrant causing mechanical ectropion of the lower eyelid. Compression sutures were required to limit the extent of the bleb.

Refractory Patients After Previously Failed Glaucoma Surgeries {#S0012-S2003}
--------------------------------------------------------------

Sandhu et al[@CIT0054] presented a case report with a 44-year-old man with juvenile chronic open-angle glaucoma previously unsuccessfully treated with selective laser trabeculoplasty, trabeculectomy, an infero-nasally placed Ahmed and a revision of the Ahmed valve, who finally reached a medicated pressure of 17 mmHg one year post-surgery.

A case report of Tailor et al[@CIT0055] was about a 72-year-old man with neovascular glaucoma who was successfully treated with XEN 45 and after CPC and bevacizumab injection. His pressure was 13 mmHg without meds at 24 months.

Endophthalmitis {#S0012-S2004}
---------------

Karri et al[@CIT0056] presented a case of endophthalmitis 4 months after surgery with an exposed Xen. The stent was removed and a pars plana vitrectomy with intravitreal antibiotics were performed.

Two cases of endophthalmitis were reported by Olgun et al.[@CIT0057] A 68-year-old women with blepharitis, underwent a Xen implant and developed endophthalmitis at 5 month postoperatively. Her bleb was of moderate height, spanning over 1 to 2 clock hours with an avascular zone (no obvious purulent material) and IOP of 42 mmHg. She was initially treated with medical therapy and eventually required vitrectomy with ceftazidime injection and silicone oil tamponade. The XEN was retained. Three months later, the device was correctly positioned and the IOP was 15 mmHg. A 80-year-old male underwent Xen implant and developed endophthalmitis and a Xen erosion at 4 month postoperatively. He required vitrectomy with silicone oil and Xen removal. At last follow-up, his IOP was 20 mmHg without medication.

Intraluminal Obstruction {#S0012-S2005}
------------------------

Rigo[@CIT0058] reported the OCT findings of 46 eyes (39 patients) retrospectively evaluated 6 months or more after an uneventful Xen. Possible intraluminal obstructions evidenced by hyper-reflective material on OCT were identified in 16 eyes (15 POAG eyes and 1 PXG) with unremarkable slit-lamp exams in. In two cases the material was either in the internal lumen or near the subconjunctival portion of the implant suggesting that the obstruction may be originating from the anterior chamber. Despite these obstructions, IOPs were controlled and no further intervention was warranted.

Suprachoroidal Hemorrhage {#S0012-S2006}
-------------------------

Prokosch-Willing et al[@CIT0059] reported a case of an 84-year old female patient with PXG on maximal therapy who underwent XEN implant with MMC 0.1 mL of 0.2 mg/mL. On postoperative day 1, IOP was 4 mmHg with a deep anterior chamber and a small shallow bleb. On day 2, patient presented with sudden pain and IOP increased to 54 mmHg with a flat anterior chamber and a suprachoroidal hemorrhage. The patient was observed and treated topically with a resolution of the bleed after 6 weeks. Vision decreased from 20/200 preoperatively to hand motion.

Hyphema {#S0012-S2007}
-------

Rezkallah et al[@CIT0060] reported a case of 72-year-old male who presented with a total hyphema two days after uneventful Xen implant. The patient was on anticoagulants with an international normalized ratio between 2 and 3. The patient was on fluid restriction (1.5L/day) and told to lie with an elevated head. The hyphema resolved after 1 month spontaneously with IOP of 11mmHg and 20/20 vision.

Degradation {#S0012-S2008}
-----------

Widder et al[@CIT0061] presented a 63-year-old woman with Xen implant requiring revision 3 years after surgery after having had two failed previous revision. At the time of revision, the conjunctiva was opened and the implant was stripped of the adhesive scar tissues. No flow was seen through the stent and thus, removed. The intrascleral and intracameral portions had degraded with an irregular surface and the lumen in the middle of the stent was obstructed.

Conjunctival Erosion {#S0012-S2009}
--------------------

Lapira et al[@CIT0062] reported a case of a Xen 45 solo in a pseudophakic 87-year-old man with PXG and a previous failed trabeculectomy. Three and a half months postoperatively, he presented with a 24-hour history of pain and reduced vision in his left eye after an episode of eye rubbing. The Xen was eroded through conjunctiva and broken. It was removed and treated with antibiotics and vitrectomy for endophthalmitis. After treatment, IOP was 20 mmHg with topical therapy.

Arnould et al[@CIT0063] reported a case of recurrent conjunctival erosion and Xen exposure treated with a conjunctival autograft. The patient had 0.1 mL of 0.2 mg/mL of MMC at time of surgery and underwent one needling 0.1 mL of 0.1 mg/mL MMC at month 1. After two months a surgical revision was performed, and the Xen remained exposed with a bleb leak. A free conjunctival autograft covered with an amniotic membrane graft was then performed and one month later IOP was 13 on 2 medications with a diffuse bleb.

Fea et al[@CIT0064] reported a case of Xen implant in a patient with a previously failed trabeculectomy and a scarred superior bleb. The stent was placed nasal to the previous bleb. Despite adequate IOP control, the stent exposed due to the thin conjunctiva and nasal bleb. An amniotic membrane was used to cover the defect with a conjunctiva autograft. At six months postoperatively, the unmedicated IOP was 14 mmHg with stable vision.

Salinas et al[@CIT0065] described a case of a PXG patient who underwent bilateral combined cataract and Xen implantation. One month postoperatively, the patient presented with a flat bleb and an extruded Xen in one eye, which was successfully treated with medical therapy (vitamin A ointment). The fellow eye Xen extruded two weeks later and the medical therapy proved ineffective. After a subconjunctival injection of 1 mL of MMC 0.02% a second Xen was implanted ab interno and the first Xen was removed, with dissection of scar tissue, and suturing of the conjunctiva. One month later, IOP was 15 mmHg without any medications and with a diffuse bleb over the second implant with no leakage.

Olate-Perez[@CIT0006] described a case of erosion 18 months after surgery in a 78-year-old woman. During revision, the Xen was amputated flush with the sclera and the conjunctiva was closed. IOP was eventually controlled on meds after revision.

Editorial assistance was provided to the authors by Melanie Gatt (PhD), an independent medical writer, on behalf of Health Publishing & Services Srl and funded by Allergan plc, Dublin, Ireland, at the request of the investigator.
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[^1]: **Abbreviations:** POAG, primary open-angle glaucoma; PEXG, presudoexfoliative glaucoma; JOAG, juvenile open-angle glaucoma; PACG, angle closure glaucoma; PG, pigmentary glaucoma; NTG, normal tension glaucoma; UVG, uveitic glaucoma; NVG, neovascular glaucoma; OHT, ocular hypertenision; IOP, intraocular pressure; red, reduction.

[^2]: **Abbreviations:** POAG, primary open-angle glaucoma; PEXG, presudoexfoliative glaucoma; JOAG, juvenile open angle glaucoma; PACG, angle closure glaucoma; PG, pigmentary glaucoma; NTG, normal tension glaucoma; UVG, uveitic glaucoma; NVG, neovascular glaucoma; OHT, ocular hypertenision; IOP, intraocular pressure; FU, follow-up; trab, trabeculectomy; vtc, vitrectomy; SLT, selective laser trabeculoplasty; ALT, argon laser trabeculoplasty; prob, probability; ciclophoto, cuclophotocoagulation; sx, surgery; FU, follow-up; MMC, mitomycin; d, day; w, week; mo, month; yr, year.

[^3]: **Abbreviations:** Intraop, intraoperative; postop, postoperative; AC, anterior chamber; BCVA, best corrected visual acuity; subconj, subconjunctival; conj, conjunctival; tot, total.
